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(54) Ink jet recording apparatus 

(57) An ink jet recording apparatus having: a record- 
ing head (1) of ink jet type for jetting ink from a plurality 
of jet openings; a light source (2) for emitting lightto cure 
an ink jetted from the recording head and adhered to a 



recording medium; a light quantity measuring section (3) 
for measuring a light quantity of the light source; and a 
control section (4) for controlling the light quantity of the 
light source according to a measured value by the light 
quantity measuring section. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an ink jet re- 
cording apparatus in which photo-curable inl< is used. 

Description of the Related Art 



[0002] Generally, in an ink jet recording apparatus, 
noise during printing is relatively snnall and the print 
quality is good, so that it has been widely used. 
[0003] The ink jet recording apparatus jets fine ink 
droplets from nozzles of the recording head toward a 
recording medium such as a paper by using, for exam- 
ple, piezoelectric elements, heater elements or the like, 
and moves a relative position of the recording head and 
the recording medium while making ink penetrate the 
recording medium or fixing ink on the recording medium 
so as to form an. image on the recording medium. 
[0004] There are. for example, a serial head type and 
a line head type ink jet recording apparatuses. In the 
serial head type, a recording head reciprocates on the 
recording medium and the recording medium is carried 
in a direction perpendicular to a scanning direction of 
the recording head forfomning an image. In the line head 
type, a recording head which has a nozzle line having 
a recording range width for the recording medium is 
fixed, and an image is formed by carrying the recording 
medium perpendicular to a width direction of the record- 
ing medium. 

[0005] Recently, in a field of printing on goods or pack- 
ing material for goods, demand for a small-lot production 
have been increasing, so that the Inkjet method in which 
a small-lot production can be achieved at low cost in 
comparison with the method such as a gravure printing 
method or a flexographic method which needs a plate 
making has been used. 

[0006] As Is well known, material with less ink absorp- 
tivity such as resin or metal is hardly used for goods or 
packing material for goods. 

[0007] For enabling the ink to be fixed on the record- 
ing medium when such the material with less absoptivlty 
is used as a recording medium, an ink jet recording ap- 
paratus of photo curable type in which the photo curable 
ink with high viscosity is irradiated with light such as ul- 
traviolet-rays (UV-rays) after the ink was jetted and at- 
tached to the recording medium to cure and fix the ink 
on the recording medium has been developed. 
[0008] Eariier, as the Inkjet recording apparatus of the 
photo curable type, an Inkjet recording apparatus of an 
ultraviolet curable type has been put to practical use, in 
whteh radical polymerization ink is used and a great deal 
of UV-rays is radiated all at once. As a light source, it 
has been proposed to use a light source which radiates 
light with directivity such as laser beam or the like (see, 



for example. Japanese Patent Laid-Open Publication 
No. 2001 -31 0454 {P4)). Specifically, as the light source 
which radiates light with directivity, a semiconductor la- 
ser, a light emitting diode or the like is well known. 
5 [0009] By using a semiconductor laser or a light emit- 
ting diode, a calorific value during irradiation becomes 
small, so that electric power consumption is lowered. In 
addition, a light source unit becomes small in compari- 
son with a fluorescent lamp or a high pressure mercury 
10 lamp. Moreover, a semiconductor laser or a light emit- 
ting diode is good in stability and easy to adjust light 
quantity. 

[0010] However, there has been a following problem 
in the eariier developed technique. 
15 [0011] When radical polymerization ink is used, rela- 
tively a great deal of UV irradiation is required. Thus, a 
high-power light source is to be mounted, thereby caus- 
ing the apparatus to become large and raise the cost of 
production. 

20 [0012] To solve the problem, it is considered to use 
cationic polymerization ink which has not been put to 
practical use. However, cationic polymerization ink has 
a unstable property such as a humidity dependency and 
a property to cause curing reaction with weak light such 
25 as reflection light or the like, so that it is hard to handle 
and difficult to put into practical use. 
[0013] For example, degradation of a light source by 
long-term use lowers lighting intensity to the ink, and 
decline of lighting intensity is caused by ink mist as the 
30 light source gets closerto the recording head by request 
of miniaturizing the apparatus and the like. Under the 
circumstances, when the cationic polymerization ink 
with the above described properties is used, curing fail- 
ure is likely to occur and it does not reach the stage of 
35 practical use. 

[0014] Especially, when a plurality of light sources are 
used with respect to each recording head, the lighting 
intensity which is required for curing reaction is ensured 
by the plurality of light sources. However, when even 
40 only one of the light sources is degraded or affected by 
the ink mist to lower the light quantity, the lighting inten- 
sity which Is required for curing reaction cannot be en- 
sured. When the light quantity of a light source is low- 
ered, maintenance is needed to be perfomied. Howev- 
45 er, when the plurality of light sources are used as de- 
scribed above, the timings of lowering the light quantity 
in each light source differ, so that number of mainte- 
nances are increased to increase the burden on work- 
ers. 

50 

SUMMARY OF THE INVENTION 



[0015] The present invention has been developed in 
view of the above described eariier developed tech- 
55 nique, and in an ink jet recording apparatus in which 
photo curable ink is used, an object of the present in- 
vention is to improve reliability of the apparatus by pre- 
venting printing failure by curing failure for enabling ink 
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with high curing sensitivity which is cured by a relatively 
low-power light source to put into practical use, thereby 
miniaturizing the apparatus and reducing the cost for 
production. 

[0016] Anotherobject of the present Invention istode- 
crease the burden on workers by decreasing nunnber of 
maintenance. 

[0017] In the first aspect of the invention, the ink jet 
recording apparatus comprises: 

a recording head of ink jet type for jetting ink from 
a plurality of jet openings; 

a light source for emitting light to cure an ink jetted 
from the recording head and adhered to a recording 

medium; 

a light quantity measuring section for measuring a 
light quantity of the light source; and 
a control section for controlling the light quantity of 
the light source according to a measured value by 
the light quantity measuring section. 

[001 8] According to the first aspect of the present in- 
vention, a light quantity of a light source can be meas- 
ured, so that it is possible to pre-detect whether the light 
quantity which is needed for ink curing is given to the 
ink on the recording medium. Thus, a light quantity of a 
light source can be controlled with high accuracy. Ac- 
cordingly, reliability of the ink jet recording apparatus 
can be improved. 

[0019] Since a light quantity of a light source can be 
controlled with high accuracy, the ink with high curing 
sensitivity which is cured by a relatively low-power light 
source such as cationic polymerization ink can be put 
into practical use. Accordingly, since a light source with 
high-power Is not required, the light source device can 
be small. Therefore, the Inkjet recording apparatus can 
be small and the cost for production can be reduced. 
[0020] Preferably, the ink jet recording apparatus 
comprises a light source scanning section for scanning 
the light source above the recording medium by moving 
the light source in a direction perpendicular to a carrying 
direction of the recording medium, and a plurality of light 
sources disposed at different positions seen from the 
direction perpendicular to the carrying direction of the 
recording medium, the plurality of light sources being 
moved in order in a measuring region for the light meas- 
uring section to make the light quantity measuring sec- 
tion measure a light quantity of each of the plurality of 
light sources in order. 

[0021] Preferably, the ink jet recording apparatus 
comprises a recording head scanning section for scan- 
ning the recording head above the recording medium by 
moving the recording head in the direction perpendicu- 
lar to the carrying direction of the recording medium, 
wherein the light source scanning section is formed to 
move the light sources together with the Inkjet head by 
the recording head scanning section. 
[0022] Preferably, the Ink jet recording apparatus 



comprises a plurality of light sources and a scanning 
section, the scanning section moving the light quantity 
measuring section to measure a light quantity of each 
of the plurality of light sources in order by the light quan- 

5 tity measuring section. 

[0023] Preferably, the ink jet recording apparatus 
comprises a plurality of light sources at different posi- 
tions seen from a carrying direction of the recording me- 
dium and a scanning section, the scanning section mov- 

10 ing the light quantity measuring section in the carrying 
direction of the recording medium to measure a light 
quantity of each of the plurality of light sources in order 
by the light quantity measuring section. 
[0024] Preferably, the ink jet recording apparatus 

f5 comprises a recording medium supporting section for 
supporting the recording medium disposed between the 
light source and the light quantity measuring section, 
wherein at least a portion of the recording medium sup- 
porting section comprises a member which makes at 
20 least a portion of light of the light source pass there- 
through. 

[0025] Preferably, the ink jet recording apparatus 
comprises a storage section for storing a desired value 
of a light quantity controlled by the control section, and 
25 a display section for informing a measured result to a 
user when a measured value measured by the light 
quantity measuring section is less than the desired val- 
ue. 

[0026] Preferably the ink jet recording apparatus 
30 comprises a storage section for storing a desired value 
of a light quantity controlled by the control section, 
wherein a recording operation by the recording head is 
banned when a measured value measured by the light 
quantity measuring section is less than the desired val- 
35 ue. 

[0027] Preferably, a light quantity of is measured by 
the light quantity measuring section every scanning. 
[0028] Preferably, a light quantity is measured by the 
light quantity measuring section when recording on the 

40 recording medium is started or finished. 

[0029] Preferably, a light quantity is measured by the 
light quantity measuring section when the Inkjet record- 
ing apparatus is operating or on standby 
[0030] Preferably, a light quantity is measured by the 

45 light quantity measuring section according to a preset 
operating time of the ink jet recording apparatus or an 
elapsed time after the ink jet recording apparatus was 
activated. 

[0031 ] Preferably, the light source is any one of a mer- 
50 cury lamp, a metal halide lamp, a semiconductor laser 
and a light emitting diode. 

[0032] Preferably, the ink is cured by an ultravlolet- 
ray. 

[0033] Preferably, the ink comprises a cationic polym- • 
55 erization ink. 

[0034] In the second aspect of the invention, the ink 
jet recording apparatus comprises: 
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a recording head on which a plurality of jet openings 
are arranged in line for jetting photo-curable ink 
from the jet openings on a recording medium; 
a plurality of light sources for irradiating an ink jetted 
from the recording head with light to cure the ink; 
a light quantity measuring section for measuring a 
light quantity of each of the plurality of light sources; 
a storage section for storing a desired value of each 
of the plurality of light sources; and 
a control section for controlling the light quantity of 
each of the plurality of light sources according to 
measured values by the light quantity measuring 
section and desired values stored in the storage 
section, when a measured value of a first light 
source is less than a desired value of the first light 
source, the control section increasing a light quan- 
tity of a second light source which is different from 
the first light source. 

[0035] According to the second aspect of the present 
invention, even when a light quantity of a light source 
(first light source) decreases by degradation, ink mist or 
the like, the decrease of light quantity is supplemented 
by another light source (second light source), so thatthe 
lighting intensity enough to cause ink curing reaction 
can be achieved. When a light source having a light 
quantity less than the desired value thereof in other light 
sources appears while carrying out image formation, the 
lighting intensity enough to cause ink curing reaction 
can be achieved by increasing a light quantity of a light 
source in the remaining light sources again. When the 
lighting intensity enough to cause ink curing reaction 
cannot be achieved because the number of light sourc- 
es having a light quantity less than the desired value 
thereof increases, workers carry out maintenance such 
as removing the ink which is the cause of the decrease 
of light intensity or exchanging the degraded light 
source. The number of maintenances can be decreased 
by adjusting the timing of each maintenance, thereby 
reducing the load on workers. 

[0036] Preferably, the ink jet recording apparatus 
comprises a light source scanning section for scanning 
the light source above the recording medium by moving 
the light source in a direction perpendicular to a carrying 
direction of the recording medium, wherein the plurality 
of light sources are disposed at different positions seen 
from the direction perpendicular to the carrying direction 
of the recording medium, and the plurality of light sourc- 
es are moved in order in a measuring region for the light 
measuring section to make the light quantity measuring 
section measure a light quantity of each of the plurality 
of light sources in order 

[0037] Preferably, the ink jet recording apparatus 
comprises a recording head scanning section for scan- 
ning the recording head above the recording medium by 
moving the recording head in the direction perpendteu- 
lar to the carrying direction of the recording medium, 
wherein the light source scanning section is fonmed to 



move the plurality of light sources together with the ink 
jet head by the recording head scanning section. 
[0038] Preferably, the ink jet recording apparatus 
comprises a scanning section for moving the light quan- 
5 tity measuring section to measure a light quantity of 
each of the plurality of light sources in order by the light 
quantity measuring section. 

[0039] Preferably, the ink jet recording apparatus 
comprises a scanning section, wherein the plurality of 
> light sources are disposed at different positions seen 
from a carrying direction of the recording medium, and 
the scanning section moves the light quantity measuring 
section in the canying direction of the recording medium 
to measure a light quantity of each of the plurality of light 
5 sources in order by the light quantity measuring section. 
[0040] Preferably, the ink jet recording apparatus 
comprises a recording medium supporting section for 
supporting the recording medium disposed between the 
light source and the light quantity measuring section, 
0 wherein at least a portion of the recording medium sup- 
porting section comprises a member which makes at 
least a portion of light of the light source pass there- 
through. 

[0041] Preferably, the ink jet recording apparatus 
?5 comprises a display section for informing a measured 
result to a user when a measured value measured by 
the light quantity measuring section is less than the de- 
sired value. 

[0042] Preferably: the control section increases a light 
30 quantity of a light source which Is proximity to the first 
light source. 

[0043] Preferably a light source which is proximity to 
the first light source irradiates a surface of the recording 
medium with light having a light quantity not less than a 
35 light quantity in case that the first light source irradiating 
with light having a desired light quantity. 
[0044] Preferably an In^adiated light quantity of a light 
source which is proximity to the first light source is de- 
termined according to a profile of the light source which 
40 is proximity to the first light source. 

[0045] Preferably, a recording operation by the re- 
cording head is banned when a measured value meas- 
ured by the light quantity measuring section is less than 
the desired value. 
45 [0046] Preferably, a light quantity is measured by the 
light quantity measuring section every scanning. 
[0047] Preferably, a light quantity is measured by the 
light quantity measuring section when recording on the 
recording medium is started or finished. 
50 [0048] Preferably, a light quantity Is measured by the 
light quantity measuring section when the Inkjet record- 
ing apparatus is operating or on standby. 
[0049] Preferably, a light quantity of a light source is 
measured by the light quantity measuring section ac- 
55 cording to a preset operating time of the ink jet recording 
apparatus or an elapsed time after the ink jet recording 
apparatus was activated. 

[0050] Preferably, the light source is any one of a mer- 
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cury lamp, a metal halide lamp, a semiconductor laser 
and a light emitting diode. 

[0051] Preferably, the ink Is cured by an ultravlolet- 
ray. 

[0052] Preferably, the Ink comprises a catlonic polym- 5 

erization ink. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0053] The present invention will become more fully io 
understood from the detailed description given herein- 
after and the accompanying drawings which are given 
by way of illustration only, and thus are not intended as 
a definition of the limits of the present invention, and 
wherein; is 

FIG. 1 A is a sectional view showing an ink jet re- 
cording apparatus of the first embodiment in the 
present invention, and FIG. 1B is a sectional view 
showing the ink jet recording apparatus of the first 20 
embodiment in the present Invention at the time of 
an operation which is different from that in FIG. 1 A; 
FIG. 2 is a block diagram showing a main control 
part of the Inkjet recording apparatus of the first em- 
bodiment in the present invention; 25 
FIG. 3 is a flow chart showing one example of proc- 
ess by a control section; 

FIG 4 is a sectional view showing an ink jet record- 
ing apparatus of the second embodiment In the 
present invention; 30 
FIG. 5 is a bottom view from a lower surface side of 
a platen showing an ink jet recording apparatus of 
the third embodiment in the present invention; 
FIG. 6 is a block diagram showing a main control 
part of the Ink jet recording apparatus of the third 35 
embodiment in the present invention; 
FIG. 7 is a flow chart showing a control procedure 
perfonned at the time of inspection by the control 
section in an ink jet recording apparatus of the 
fourth embodiment In the present Invention; 40 
FIG. 8 is a side view showing a preferred structure 
of a modification of the ink jet recording apparatus 
of the fourth embodiment In the present invention; 
FIG. 9 Is a bottom view showing a modification of a 
recording head, a platen, a light Irradiation device 45 
and a light quantity measuring sensor Inthe Ink jet 
recording apparatus of thefourlh embodiment in the 
present invention at the time of Inspection; 
FIG. 10 is a bottom view showing a modification of 
light sources in the ink jet recording apparatus of so 
the fourth embodiment in the present Invention; 
FIG. 11 is a bottom view showing another modifica- 
tion of light sources in the ink jet recording appara- 
tus of the fourth embodiment in the present inven- 
tion; 55 
FIG. 12 is a bottom view from a lower surface side 
of a platen showing an ink jet recording apparatus 
of the fifth embodiment In the present invention; 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0054] Hereinafter, the preferred embodiments of the 
present invention will be described in detail by reference 
to the attached drawings. It is to be understood that the 
following is one embodiment only and is not to be taken 
by way of limitation 

[First Embodiment] 

[0055] The first embodiment of the present invention 
will be explained referring to FIGS. 1A and 1B. FIG. 1A 
is a sectional view showing an ink jet recording appara- 
tus of the first embodiment in the present invention, and 
FIG. 1 B is a sectional view showing the Inkjet recording 
apparatus of the first embodiment in the present Inven- 
tion at the time of an operation which is different from 
that in FIG. 1A. 

[0056] As shown in FIG. 1 A, the Inkjet recording ap- 
paratus which is a serial head type comprises ink jet 
heads 1 , a light source device 2, a light quantity meas- 
uring sensor 3 as a light quantity measuring section, a 
light source control section 4, a display section 5, a plat- 
en 6 as a supporter for the recording medium and a con- 
trol section 7 for controlling the above sections and the 
like. 

[0057] The Inkjet heads 1 are an ink jet type recording 
head in which ink of each color of yellow (Y), magenta 
(M), cyan (C), black (K) and the like is jetted from a plu- 
rality of jet openings, and are well known. The ink jet 
heads 1 mounted on a carriage (not shown) are recip- 
rocally moved in a main scanning direction A to scan 
above a recording medium such as a paper or a film 
which is carried on the platen 6. 
[0058] In FIGS. 1 A and 1 B, a carrying direction H of 
the recording medium (not shown) is a direction perpen- 
dicular to a surface of the paper. 
[0059] A recording head scanning section which 
moves the recording heads 1 in a direction (main scan- 
ning direction A) perpendicular to the carrying direction 
H of the recording medium to carry out scanning is con- 
figured by using the carriage and a well known mecha- 
nism for linearly and reciprocally moving the carriage. 
[0060] The light source device 2 is configured to be 
provided with one or more semiconductor lasers or light 
emitting diodes (LED) as a light source for emitting ul- 
traviolet-rays (UV-rays) to cure the ink which Is jetted 
from the ink jet heads 1 and attached to the recording 
medium, and is well known. The light source device 2 is 
mounted on the carriage together with the Inkjet heads 
1 , so that it moves with the ink jet heads 1 . As the ink, 
catlonic polymerization ink of UV curable type is used. 
As the recording medium, a resin film with less absorp- 
tivity is used. 

[0061] Accordingly, a light source scanning section is 
configured, so that the light source device 2 is moved In 
a direction (main scanning direction A) perpendicular to 
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the carrying direction H of the recording mediunn to carry 
out scanning of the light sources above the recording 
medium. That is, in the embodiment, the light source 
scanning section is configured to move the light source 
device 2 together with the ink jet heads 1 by the record- 
ing head scanning section. Therefore, another mecha- 
nism for moving the light source device 2 is not required. 
[0062] The light quantity measuring sensor 3 is a light 
sensor for measuring a light quantity of each light source 
provided on the light source device 2, and is well known. 
[0063] The light source control section 4 is configured 
to control a light quantity of each light source provided 
on the light source device 2 according to a measured 
value of each light source by the light quantity measur- 
ing sensors. The light source control section 4 compris- 
es, for example, a computer and program which is exe- 
cuted in the compuior. The light source control section 
4 is well known. 

[0064] The display section 5 comprises an image dis- 
play device such as a liquid crystal display device for 
image display, and a voice box lor displaying voice is 
added according to need. In the embodiment, the dis- 
play section 5 is configured to be able to perfonn both 
of the image display and the voice display 
[0065] The platen 6 is a member lor keeping a carry- 
ing position of the recording medium at a predetermined 
position by supporting the recording medium from 
downward so as to make the distance between the re- 
cording medium and the recording heads, that is, the 
flight distance of the ink regular, and is well known. 
When the platen 6 is interposed between the light sourc- 
es and the light quantity measuring sensor 3. a portion 
of the platen 6 comprises a transparent member such 
as transparent glass, resin and the like which makes at 
least a portion of the light from the light source pass 
therethrough. 

[0066] The control section 7 is configured to control 
the Inkjet heads 1 , the light quantity measuring sensor 
3, the light source control section 4, the display section 
5 and the like, and when necessary, the control section 
7 also controls the platen 6 and the like. The control sec- 
tion 7 controls the whole operations of the Inkjet record- 
ing apparatus. As shown in FIG. 2, a storage section 9 
which stores a control program, the desired value of a 
light quantity of each light source 8 to be described and 
the like are connected to the control section 7. The con- 
trol section 7 controls each equipment according to the 
control program or the control data which is written in 
the storage section 9. 

[0067] Moreover, the display section 5, the driving 
source 1 0 of the carriage, the ink jet heads 1 , the light 
source control section 4 for controlling the light sources 
8, the light quantity measuring sensor 3 and the carrying 
rnechanism 11 are electrically connected to the control 
section 7. Other components such as each driving sec- 
tion in the ink jet recording apparatus and the like are 
also connected to the control section 7. 
[0068] A control operation of the light sources accord- 



' ing to the embodiment will be explained. 
[0069] As shown in FIG. 1 B. the control section 7 
moves the light source device 2 to a measuring region 
C adjacent to a recording region B before or during re- 
5 cording operation by the ink jet heads 1 so as to dispose 
the light source device 2 at a position in which the light 
quantity measuring sensor 3 can measure a light quan- 
tity of one or more light sources 8 provided on the light 
source device 2. 
10 [0070] Next, the light quantity sensor measuring 3 
measures a light quantity of each light source 8 provided 
on the light source device 2. 

[0071 J The control section 7 controls the light quantity 
of each light source 8 provided on the light source 2 
15 through the light source control section 4 according to 
the measured value of each light source 8 by the light 
quantity sensor measuring 3. That is, the control section 
controls the measured value of each light source 8 to 
be maintained within the range which is not less than 
20 the desired value of each light source 8. The desired 
values are calculated in consideration of conditions 
such as a curing property of the cationic polymerization 
ink and an amount of the dropped ink droplets on the 
recording medium, or experimentally precalculated to 
25 be set at a light quantity required for ink curing. The de- 
sired values are stored in the storage section 9. The con- 
trol section 7 controls the light quantity by reading out 
the desired values from the storage section 9. 
[0072] For example, thecontrol is performed following 
30 the flow chart shown in FIG. 3. 

[0073] As shown in FIG. 3, when the light quantity 
measurement starts, the control section 7 reads out the 
desired value PO from the storage section (Step S1), 
and changes a light source driving value to obtain the 
35 measured value PI by the light quantity measuring sen- 
sor 3 (Step 82). 

[0074] The control section 7 compares the desired 
value PO and the measured value P1 (Step S3). When 
the measured value P1 exceeds the desired value PO, 
40 the control section 7 detemnines the light source driving 
value not to be less than the desired value PO (Step S4). 
After that, the printing operation is performed (Step S6). 
[0075] In Step 3, when the measured value PI does 
not exceed the desired value PO, the control section per- 
45 forms an error handling S4. In the error handling S4, the 
display section 5 infomns to a user that the measured 
result or the measured value P1 is less than the desired 
value PO. For example, the voice box makes a warning 
sound for lack of the light quantity, and the measured 
50 value is displayed on the image display device. At the 
same instant, it Is preferable to display the notice that 
light quantity is lacking. Therefore, the measured result 
can be notified to the user. 

[0076] In the error handling 84, the receding opera- 
55 tion by the ink jet heads 1 is banned. That is, the start 
of the receding operation by the ink jet heads 1 is 
banned. If the measuring is carried out during the re- 
cording operation, the recording operation is stopped 
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and it is informed to a user by the display section 5. 
Therefore, the output of the recording medium on which 
uncured ink still exists can be prevented, so that the re- 
liability of the Inkjet recording apparatus is improved. 
[0077] The measured result may be informed to the 
user by the display section 5 without banning the record- 
ing operation by the ink jet heads 1 to perfonn the re- 
cording operation. In this case, since a user can know 
that the ink jet recording apparatus is operated with ir- 
radiation dose which is less than the ink curing energy, 
a user can take a necessary process such as radiating 
light by other light sources. 

[0078] The embodiment Is an example in which four 
ink jet heads 1 are provided and one light source device 
2 is disposed outside the area in which the four Inkjet 
heads 1 are mounted. 

[0079] When a plurality of light sources 8 provided on 
the light source device 2 are provided to be disposed on 
one position seen from the main scanning direction A 
but on different positions seen from the carrying direc- 
tion H of the recording medium, different light sources 
are moved to the measuring region of the light quantity 
measuring sensor 3 in order by the light source scanning 
section which doubles as the recording head scanning 
section of the ink jet heads 1 to measure a light quantity 
of each of the plurality of light sources 8 in order by the 
light quantity measuring sensor 3. Therefore, a light 
quantity of every light source is measured. Accordingly, 
since the different light sources are measured by the 
same light quantity measuring sensor 3, the number of 
the light quantity measuring sensor 3 can be less than 
that of the light sources 8, and the apparatus can be 
simplified and miniaturized. 

[0080] According to the embodiment, since the light 
quantity of each light source 8 can be measured, it is 
possible to pre-detect whether light quantity which is re- 
quired to cure the ink is applied to the ink on the record- 
ing medium. Since the light quantity of each light source 
8 can be accurately controlled, the reliability of the ink 
jet recording apparatus is improved and the ink with high 
curing sensitivity which Is cured by a relatively low-pow- 
er light source 8 such as the cationic polymerization ink 
can be put into practical use. Accordingly, since a light 
source 8 with high-power is not required, the light source 
device 2 can be small. Therefore, the ink jet recording 
apparatus can be small and the cost for production can 
be reduced. 

[0081] In addition, since the light source 2 and the ink 
jet heads 1 are mounted on the same carriage, both of 
them are uniformly incorporated in a saved space. Thus, 
the ink jet recording apparatus can be miniaturized. 

[Second Embodiment] 

[0082] The second embodiment will be explained re- 
ferring to FIG. 4. FIG. 4 is a sectional view showing the 
ink jet recording apparatus of the second embodiment 
in the present invention. 



[0083] , As shown In FIG. 4, the ink jet recording appa- 
ratus in the embodiment comprises the sections (1 (1 a- 
1d), 2(2a-2e), 3, 4, 5, 6. 7. 8, 9, 1 0, 11 ) which are similar 
to those in the first embodiment. The same sections are 
5 denoted by the same reference numerals, 

[0084] However, the Inkjet recording apparatus in the 
embodiment comprises five light source devices 2a-2e 
and each of the four Ink jet heads 1 a-1 d is disposed be- 
tween the light source devices 2a-2e, respectively, 
10 which Is different from the first embodiment. When the 
carriage which mounts the InkJet heads 1 a-1 d and the 
light source devices 2a-2e moves in a left direction of 
the main scanning direction A on the drawing, the light 
source device 2a irradiates the ink jetted by the ink jet 
15 head 1a on the recording medium with ultraviolet rays 
(UV-rays), the light source device 2b irradiates the ink 
Jetted by the ink jet head 1b on the recording medium 
with UV-rays, the light source device 2c irradiates the 
ink jetted by the Inkjet head 1c on the recording medium 
^0 with UV-rays, and the light source device 2d irradiates 
the ink jetted by the ink jet head 1 d on the recording 
medium with UV-rays. This configuration is effective for 
irradiating the ink jetted on the recording medium with 
UV-rays immediately. 

[0085] On the contrary, when the carriage moves in a 
right direction of the main scanning direction A on the 
drawing, the light source device 2b Irradiates the Inkjet- 
ted by the ink jet head 1 a on the recording medium with 
UV-rays, the light source device 2c Irradiates the ink jet- 
ted by the Inkjet head lb on the recording medium with 
UV-rays, the light source device 2d irradiates the ink Jet- 
ted by the Inkjet head 1c on the recording medium with 
UV-rays, and the light source device 2e irradiates the 
ink jetted by the Inkjet head 1 d on the recording medium 
with UV-rays. 

[0086] As is described above, in the embodiment, the 
Inkjet recording apparatus perfonns recording when the 
carriage is moved in either of the main scanning direc- 
tion A. When the ink jet recording apparatus performs 
recording only when the carriage is moved in one of the 
main scanning direction A, one of the light source de- 
vices 2a, 2e at both ends Is not needed. 
[0087] An operation of the light source control in the 
embodiment will be explained. 

[0088] Before or during the recording operation by ink 
jet heads la-Id, although any order is acceptable, for 
example, the control section 7 moves the light source 
device 2a to the measuring region D and disposes the 
light source device 2a at a position where the light quan- 
tity measuring sensor 3 can measure a light quantity of 
each light source 8 provided on the light source device 
2a. The light source devices 2a-2e and the ink jet heads 
la-Id are mounted on the same carriage same as the 
first embodiment, so that the above described operation 
is performed by moving the carriage. 
[0089] The light quantity measuring sensor 3 meas- 
ures the light quantity of each light sources 8 provided 
on the light source device 2a. 
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[0090] Next, the light source device 2b is moved to 
the measuring region D and is disposed at a position 
where the light quantity measuring sensor 3 can meas- 
ure a light quantity of each light source 8 provided on 
the light source device 2b. The light quantity measuring 
sensor 3 measures the light quantity of each light source 
8 provided on the light source device 2b, 
[0091] In the same manner as described above, the 
light source device 2c-2e are moved to the measuring 
region D in order and are disposed at a position where 
the light quantity measuring sensor 3 can measure a 
light quantity of each light source 8 provided in the light 
source device 2c-2e. The light quantity measuring sen- 
sor 3 measures the light quantity of each light source 8 
provided in the light source device 2c-2e in order. 
[0092] The control section 7 controls the light quantity 
of each light source 8 provided on the light source device 
2a-2e through the light source control section 4 accord- 
ing to the measured value of each light source 8 provid- 
ed on the light source device 2a-2e. 
[0093] Other operations will be performed in the same 
manner as the first embodiment, 

[0094] As described above, In the second embodi- 
ment, even when the plurality of light sources 8 are pro- 
vided at different positions seen from the main scanning 
direction different light sources 8 are moved to the 
measuring region D of the light quantity measuring sen- 
sor 3 in order by the light source scanning section which 
is configured by mounting the light source device 2a-2e 
on the carriage which moves the ink jet heads 1 . Thus, 
the light quantity measuring sensor 3 can measure the 
light quantity of each of the plurality of light sources 8. 
[0095] Accordingly, since the different light sources 
are measured by the same the light quantity measuring 
sensor 3, the number of the light quantity measuring 
sensor 3 can be less than that of the light sources 8, and 
the apparatus can be simplified and miniaturized. 

[Third Embodiment] 



[0096] The third embodiment will be explained refer- 
ring to FIG. 5. FIG. 5 is a bottom view from a lower sur- 
face side of the platen showing the Inkjet recording ap- 
paratus of the third embodiment in the present invention. 
This embodiment relates to the invention which can be 
added to the above described first or second embodi- 
ment. FIG. 5 is described in case of adding this embod- 
iment to the second embodiment. 
[0097] In the above described first or second embod- 
iment, it may be effective to arrange a plurality of dot 
light sources 8 whose irradiation area is dot shape in 
line in a direction perpendicular to the main scanning 
direction A, that is, the carrying direction H of the record- 
ing medium, which is the third embodiment. This em- 
bodiment is for responding to the case in which a plu- 
rality of jet openings 1 2 are arranged in line in the car- 
rying direction of the recording medium. That is, when 
the plurality of jet openings 12 are an^anged in line in the 



canying direction of the recording medium, one light 
source cannot irradiate all the ink dots with UV-rays. 
Therefore, in the embodiment, the plurality of dot light 
sources 8 are an^anged in line in the carrying direction 
5 of the recording medium which is same as a direction of 
the arrow E in FIG. 5. 

[0098] However, as explained in the above described 
first or second embodiment, the light source scanning 
section can move only in the main scanning direction A. 

10 Since the plurality of light sources are provided at differ- 
ent positions seen from the direction E, a light quantity 
of every light source cannot be measured individually 
by only one light source 3 which is fixed. If a plurality of 
light quantity measuring sensors 3 are arranged in line 

15 in the direction E for measuring the light quantity of every 
light source, the number of the light quantity measuring 
sensors 3 increases. 

[0099] Therefore, in the embodiment, the light quan- 
tity measuring sensor 3 is reciprocally moved in the di- 
20 rection E. 

[0100] That is, a scanning section is provided, which 
moves the light quantity measuring sensor 3 in the car- 
rying direction E of the recording medium so as to meas- 
ure a light quantity of each of the plurality of light sources 
25 in order by the light quantity measuring sensor 3. The 
scanning section can be configured by the well known 
moving mechanism, driving source and control section. 
[0101] In the embodiment, the control is performed by 
the control section 7 similar to the above described first 

30 and second embodiments. As shown in FIG. 6, the stor- 
age section 9 which stores the control program, the con- 
trol data such as the desired value of a light quantity of 
each light source 8 to be described and the like, the light 
quantity measuring sensor 3 and the like are connected 

35 to the control section 7, and the configuration thereof is 
similar to that in FIG. 2. 

[0102] However, in the embodiment, a scanning sec- 
tion 13 for moving the light quantity measuring sensor 
3 as described above is further connected to the control 
40 section 7. 

[0103] An operation of the light source control in the 
embodiment will be explained based on FIG. 5. A sec- 
tional view thereof is same as FIG. 4. 
[01 04] Before or during the recording operation by ink 
45 jet heads 1a-1d, although any order is acceptable, for 
example, the control section 7 moves the light source 
device 2a to the measuring region D and disposes the 
light source device 2a at a position where the light quan- 
tity measuring sensor 3 can measure a light quantity of 
so each light source provided on the light source device 2a, 
The light source devices 2a-2e and the Inkjet heads 1 a- 
1d are mounted on the same carriage same as the first 
embodiment, so that the above described operation is 
performed by moving the carriage. 
55 [0105] Thelight quantity of each of the plurality of light 
sources 8 provided on the light source device 2a and 
arranged in line in the direction E is measured in order 
by the light quantity measuring sensor 3 while moving 
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the light quantity measuring sensor 3 in the direction E. 
[0106] Next, the light source device 2b Is moved to 
the measuring region D and Is disposed at a position 
where the light quantity measuring sensor 3 can meas- 
ure a light quantity of each light source provided on the 5 
light source device 2b. The light quantity of each of the 
plurality of light sources 8 provided on the light source 
device 2b and arranged in line in the direction E is meas- 
ured In order by the light quantity measuring sensor 3 
while moving the light quantity measuring sensor 3 in io 
the direction E. 

[0107] In the same manner as described above, the 
light source devices 2c-2e are moved to the measuring 
region D in order and are disposed at a position where 
the light quantity measuring sensor 3 can measure a 15 
light quantity of each light source provided on the light 
source devices 2c-2e. The light quantity of each of the 
plurality of light sources 8 provided on the light source 
devices 2c-2e and arranged in line m the direction E is 
measured in order by the light quantity measuring sen- 20 
sor 3 while moving the light quantity measuring sensor 

3 in the direction E. 

[0108] The control section / controls the light quantity 
of each light source 8 provided on the light source device 
2c-2e according to the measured values of each light 2S 
source 8. Other operations will be performed in the 
same manner as the first embodiment. 
[01 09] Accordingly, since the light sources at different 
positions are measured by the same light quantity 
measuring sensor 3, only one light quantity measuring 30 
sensor 3 can be used. Thus, the apparatus can be sim- 
plified and miniaturized. 

[Fourth Embodiment] 

35 

[0110] The fourth embodiment will be explained. In 
the ink jet recording apparatus in the embodiment, the 
configuration of each section and the like (refer to FIGS. 

4 and 5) and the connection between the control section 

7 and each section and the like (refer to FIG. 6) aresim- 40 
liar to those in the third embodiment. However, an op- 
eration at the time of inspecting the light sources differs 
from that in the third embodiment. In the Inkjet recording 
apparatus In the embodiment, when at least one meas- 
ured value of a light source (e.g. first light source) Is less 45 
than the desired value thereof in the measured value of 
light quantity of each of the plurality of light sources 8 
measured by the light quantity measuring sensor 3, a 
light quantity of another light source 8 (e.g. second light 
source) which is different from the light source 8 (e.g. so 
first light source) having the light quantity less than the 
desired value thereof is increased. 
[0111] An operation of the Inkjet recording apparatus 
in the embodiment at the time of inspecting the light 
sources will be explained referring to FIGS. 4-7. FIG. 7 55 
is a flow chart showing the control procedure. 
[01 12] First, when an image fomiation starts, the con- 
trol section 7 moves the carriage to a position where the 



* light source device 2a faces the light quantity measuring 
sensor 3 to start light quantity measurement of each light 
source 8 (Step 87). 

[0113] The control section 7 controls the scanning 
section 13 to make a light source 8a mounted on the 
light source device 2a and the light quantity measuring 
sensor 3 face each other, and lights the light source 8a. 
The light quantity measuring sensor 3 measures a light 
quantity of the light source 8a (Step 88), and the control 
section 7 writes the measured value which is inputfrom 
the light quantity measuring sensor 3 into the storage 
section 9 for storing it (Step S9). The control section 7 
repeats Step S8 and Step S9 until measuring a light 
quantity of every light source 8 mounted on the light 
source device 2a by controlling the scanning section 13 
to make each light source 8 and the light quantity meas- 
uring sensor 3 face each other (Step S1 0). 
[0114] When the light quantity measurement of every 
light source 8 mounted on the light source device 2a is 
completed, the control section 7 reads out the desired 
value and a measured value of each light source 8 to 
compare them, respectively (Step S11). The desired 
values are determined on the basis of values calculated 
in consideration of conditions such as a curing property 
of cationic polymerization ink which Is used, jetting 
amount of ink to the recording medium and the like, em- 
pirical values and the like, and are set to the light quan- 
tity which is needed for ink curing. 
[01 15] When at least one light source 8 (e.g. first light 
source) has a light quantity less than the desired value 
thereof in the measured values of each light source 8, 
the control section 7 Increases a light quantity of another 
lightsource8(e.g. second light source) which has a light 
quantity not less than the desired value thereof through 
the light source control section 4 to judge whether ink 
curing reaction is caused or not (Step 812). When the 
control section 7 judges that the ink curing reaction is 
not caused, the control section 7 makes the display sec- 
tion 5 display that maintenance Is needed (Step SI 3) 
because a plurality of light sources 8 are required to be 
maintained. The control section 7 stops image formation 
(Step 814). 

[01 16] When the control section 7 judges that the ink 
curing reaction can be caused, the control section 7 
makes the display section 5 display that at least one light 
source 8 (e.g. first light source) has a light quantity less 
than the desired value thereof (Step SI 5), and deter- 
mines a light quantity of each light source 8 which has 
a light quantity not less than the desired value thereof 
(Step SI 6). The control section 7 makes the light source 
control section 4 increase the light quantity of each light 
source 8 having the light quantity not less than the de- 
sired value thereof to cure the ink jetted in a region which 
was to be irradiated with light by the light source 8 (e.g. 
first light source) having the light quantity less than the 
desired value thereof. For preventing difference in dot 
diameters, for example, when the light source 8a shown 
in FIG. 5 has a light quantity less than the desired value 
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thereof, it is preferable to increase a light quantity of at 
least one of the light sources Bb, 8c which are in prox- 
imity to the light source 8a. It is preferable that the light 
quantity to be increased of the light source 8b or 8c is 
set by multiplying by a predetermined coefficient on the 5 
basis of profiles of the light sources 8a. 8b, 8c so as to 
make the irradiating light quantity on the surface which 
faces the light source 8a be not less than the irradiating 
light quantity on the surface which faces the light source 
8a in case that the light source 8a irradiated with the i 
desired light quantity. Because the light intensity differs 
depending upon points, when controlling the light 
source 8b or 8c to have a light quantity equal to the de- 
sired value of the light source 8a for supplementing the 
decrease of light quantity of the light source Sa. the ir- i 
radiation intensity may not be enough at a portion of plat- 
en which faces the light source 8a although the light 
quantity at a portion of platen which faces the light 
source 8b or 8c is increased. 

[0117] When the control section 7 judges that every - 
light source 8 mounted on the light source device 2 can 
irradiate with the light quantity not less than the desired 
value thereof in Step 11 S11, or determines the light 
quantity of each light source 8 in Step 816, the control 
section 7 repeats the above steps until inspecting all 
light source devices 2a-2e mounted on the carriage by 
controlling the carriage to make each light source device 
2a-2e and the light quantity measuring sensor 3 face 
each other (Step SI 7). After the inspection for all light 
source devices 2a-2e are completed, the control section 
7 starts image formation. 

[01181 According to the ink jet recording device in the 
embodiment, when at least one light source 8 (e.g. first 
light source) has a light quantity less than the desired 
value thereof in the measured values of each light 
source 8, the control section 7 increases a light quantity 
of another light source 8 (e.g. second light source) which 
differs from the light source 8 (e.g. first light source) hav- 
ing the light quantity less than the desired value through 
the light source control section 4. Thus, even when a 
light quantity of a light source 8 (e.g. first light source) 
decreases by degradation, ink mist or the like, the de- 
crease of light quantity is supplemented by another light 
source 8 (e.g. second light source), so that the lighting 
Intensity enough to cause ink curing reaction can be 
achieved. When a light source 8 having a light quantity 
less than the desired value thereof appears in other light 
sources 8 while carrying out image fonnation, the light- 
ing intensity enough to cause ink curing reaction can be 
achieved by increasing light quantity of the remaining 
light sources 8 again When the lighting intensity enough 
to cause ink curing reaction cannot be achieved be- 
cause the number of light sources 8 having a light quan- 
tity less than the desired value thereof increases, work- 
ers carry out maintenance such as removing the ink 
which is the cause of the decrease of light intensity or 
exchanging degraded light sources 8. The number of 
maintenances can be decreased by adjusting the timing 



of each maintenance, thereby reducing the load on 
workers. 

[01 19] A portion which was to be irradiated with light 
by a light source 8 having a light quantity less than the 
desired value thereof can be irradiated with light without 
delay. Therefore, difference in dot diameters can be pre- 
vented to stabilize an image. 

[0120] Since the carriage is scanned to face each of 
the plurality of light sources 8 and the light quantity 
y measuring sensor 3 each other, a light quantity of every 
light source 8 can be measured without providing the 
light quantity measuring sensor 3 as many as the light 
sources 8. 

[0121] Since the carriage is scanned with the ink jet 

5 heads 1a-1d. the Inkjet heads la-Id can be unified with 
the light sources 8. Thus, the ink jet recording apparatus 
per se can be small. 

[0122] When the control section 7 recognizes a meas- 
ured value less than the desired value, the control sec- 

*o tion 7 makes the display section 5 inform the compari- 
son result. Thus, workers can recognize that mainte- 
nance is needed in the near future. Accordingly, workers 
can make the necessary preparations for maintenance 
before the timing of maintenance so as to effectively per- 

?5 form maintenance. 

[0123] In the embodiment, it Is explained that the ink 
jet heads 1a-1d and the light sources 2a-2e are alter- 
nately disposed on the carriage, however, any arrange- 
ment can be employed, provided that the ink jetted from 

30 the ink jet heads 1a-1d and attached to the recording 
medium can be irradiated. For example, as shown in 
FIG. 8, one light source 2 may be disposed on the side 
of a plurality of recording heads 1 . In this case, a plurality 
of light sources are mounted on the light source device 

35 2. 

[0124] In the embodiment, a light quantity of every 
light source 8 of the plurality of light source devices 2 is 
measured by one light quantity measuring sensor 3, 
however, as shown in FIG. 9, light quantity measuring 
40 sensor 3A, 3B, 3C, ... may be provided corresponding 
to the light source devices 2a, 2b, 2c, respectively. 
Therefore, light quantity measurement can be carried 
out to each light source device 2a, 2b, 2c, ... at the same 
time. Accordingly, measurement time can be shortened. 
45 [0125] In the embodiment, the light quantity measur- 
ing sensor 3 is provided on the side of the platen 6 and 
is scanned along an arrangement direction of the light 
sources 8. However, when the platen 6 is fomned by a 
material which makes light from light sources 8 pass 
so therethrough, light quantity measuring sensors 3A. 3B, 
3C, ... may be provided below the platen 6 and may be 
scanned to face the light source devices 2a, 2b, 2c, ... 
as shown in FIG. 9. 

[0126] In the embodiment, the plurality of light sourc- 
55 es 8 are arranged in a line on the light source device 2 
in a direction perpendicular to the scanning direction, 
however, the light sources 8 may be arranged in a plu- 
rality of lines. For example, as shown in FIG. 10. dot 
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shape light sources 8 such as LED and the like may be 
arranged In two lines on the light source device 2 in a 
direction perpendicular to the scanning direction. In this 
case, when a light source 8a has a light quantity less 
than the desired value thereof, it is preferable to in- 
crease a light quantity of at least one of the light sources 
8b, 8c, 8d which are In proximity to the light source 8a 
for supplementing the decreased light quantity. It is pref- 
erable that the light quantity to be increased of at least 
one of the light sources 8b, 8c, 8d is set by multiplying 
by a predetemnined coefficient on the basis of profiles 
of the light sources 8a, 8b, 8c, Bd so as to make the 
irradiating light quantity on the surface which faces the 
light source 8a be not less than the irradiating light quan- 
tity on the surface which faces the light source 8a in case 
that the light source 8a irradiated with the desired light 
quantity. 

[0127] By increasing light quantity of the light source 
8b which is aligned with the light source 8a in a direction 
perpendicular to the scanning direction, it can be pre- 
vented more certainly that a dot diameter of the In k jetted 
from a jet opening 12a which con-esponds to the light 
sources 8a, 8b differs from a dot diameter of other ink 
dots. 

[0128] When the light sources are arranged in a plu- 
rality of lines in a direction perpendicular to the scanning 
direction, the light sources may not be a dot shape. As 
shown In FIG. 11, a plurality of bar shape light sources 
8 such as fluorescent lamp and the like may be used. 
When the bar shape light sources 8 are used, a light 
quantity of every light source 8 can be measured without 
making the light quantity measuring sensor 3 scan in the 
carrying direction. 

[0129] In this case, when the light source 8a has a 
light quantity less than the desired value thereof, it is 
preferable to Increase a light quantity of at least one of 
the light sources 8b, 8c which are proximity to the light 
source 8a for supplementing the decreased light quan- 
tity. 

[Fifth Embodiment] 

[0130] The fifth embodiment will be explained refer- 
ring to FIG. 12. FIG. 12 is a bottom view from a lower 
surface side of the platen showing an ink jet recording 
apparatus of the fifth embodiment in the present Inven- 
tion. 

[0131] As shown in FIG. 1 2, the embodiment is for a 
line head type. In the line head type, the Inkjet heads 1 
and the light source devices 2 are fixed. 
[0132] In the line head type, the jet openings 1 2 pro- 
vided on the ink jet heads 1 fonri a line in a direction 
perpendicular to a carrying direction F of the recording 
medium. In the embodiment, a plurality of light sources 
8 are provided so as to form a line in a direction G which 
is in parallel with the line of the jet openings 12 for the 
same purpose as In the third embodiment. For the pur- 
pose of simplifying the light quantity measuring sensor 



3 as with the third embodiment, in the embodiment, a 
scanning section which moves the light quantity meas- 
uring devices 3 in the direction G to measure a light 
quantity of each of the plurality of light sources 8 in order 
5 by the light quantity measuring sensors 3 is provided. 
The scanning section can be configured by the well 
known moving mechanism, driving source and control 
section. 

[0133] As shown in FIG. 12, when a plurality of lines 

10 of the light sources 8 are provided in the direction G be- 
cause the plurality of light source devices 2 are provid- 
ed, the light quantity measuring sensors 3 are provided 
corresponding to each line, respectively, to perfonn the 
following control operations at the same time. Each light 

15 quantity measuring sensor 3 is disposed at a position 
where a light quantity of each light source 8 of a line 
corresponding thereto in the carrying direction F of the 
recording medium can be measured. 
[0134] The platen 6 is disposed between the light 

20 quantity measuring sensors 3 and the light sources 8. 
For enabling the light quantity measurement in the fol- 
lowing control operations, at least a portion of the platen 
6 just below the light sources 8 comprises through holes 
for passing the light therethrough or a transparent por- 

25 tion. In the line heads, since the light sources 8 are fixed, 
the light quantity measurement can be perfomried by 
partially providing holes for passing the light there- 
through or a transparent portion. 

[0135] An operation of the light source control in the 
30 embodiment will be explained. 

[0136] Before or during the recording operation by ink 
jet heads 1 , scanning is carried out so as to sequentially 
measure a light quantity of each light source 8 disposed 
in line on each of the light source devices 2 in the direc- 
ts tion G while moving each of the light quantity measuring 
sensors 3 in the direction G. 

[0137] The control section 7 controls a light quantity 
of each light source 8 through the light source control 
section 4 according to the measured value of each light 
40 source 8. 

[01 38] Other operations will be performed in the same 
manner as the first embodiment. 
[0139] According to the embodiment, in the Inkjet re- 
cording apparatus of line head type, since different light 

45 sources are measured by the same light quantity meas- 
uring sensor 3, the number of the light quantity measur- 
ing sensors can be reduced. Thus, the Inkjet recording 
apparatus can be simplified and miniaturized. 
[01 40] In the first to fourth embodiments, the measur- 

^0 ing region may be disposed in the recording region B. 
In this case and in the fifth embodiment, a light quantity 
is measured when the recording medium does not exist 
between the light sources 8 and the light quantity meas- 
uring sensor 3. That is. the light quantity measurement 

55 of each light source 8 can be perfomried from the time 
a back end of a recording medium passed between the 
light source 8 and the light quantity measuring sensor 3 
to the time a front end of a next recording medium Is 



12 

BNSDOCtD: <EP 1426191A1J > 



21 



EP 1 426 191 A1 



22 



carried between the light sources 8 and the light quantity 
measuring sensor 3. ^ 
[0141] In the first to fourth ennbodiments, as the time 
interval to perform the light quantity measurement of 
each light source 8 by the light quantity measuring sen- 
sor 3. the light quantity measurement can be perfomned 
every one scanning of image fomiation as a minimum 
unit according to the above described embodiments. 
When the light quantity measurement is perfomned fre- 
quently such as every one scanning of image fomnation, 
a change which occurs in a relatively short period of time 
such as a decrease of in-adiation amount by ink mist can 
immediately be detected. 

[0142] When a decrease of printing speed Is consid- 
ered or when a problem is a change of light quantity in 
a relatively long period of time (for example, decrease 
of output of a light source by the degradation In the elec- 
tric system including the light quantity measuring sensor 
3), the light quantity measurement is carried out with the 
light quantity measuring sensor 3 by utilizing the starting 
time or the standby time of waiting the instructions such 
as a width of paper or a printing job to be input. In addi- 
tion, the light quantity measurenrient may be carried out 
by the light quantity measuring sensor 3 in consideration 
of the preset elapsed time, that is, the total operating 
time of the apparatus or the length of time that has 
elapsed since the apparatus was activated. 
[0143] Each technical term that is adaptable to the 
embodiments in the invention will be explained. 

<Jetting Amount> 

[0144] lni< jetting amount per dot is 2pl-20pl (pico lit- 
er), and preferably 4pl-10pl. When the ink jetting amount 
per dot exceeds 20pl, it is difficult to perform a high def- 
inition printing, and when the ink jetting amount per dot 
is less than 2pl, it diminishes in thickness of a fomned 
image. 

<Dot Diameter> 

[01 45] The dot diameter formed on the recording me- 
dium is 50^im-200|xm, preferably SOfim-ISO^m, and 
more preferably 55^m-100pjn. When the dot diameter 
is less than 50\vnn, It diminishes in thickness of a fomned 
image, and when the dot diameter exceeds 200^m, it Is 
difficult to perform a high definition printing. 



<No Water And Organic Solvent> 

[0146] Preferably, the ink which is used does not sub- 
stantially contain water and organic solvent, that is, the 
content of water and organic solvent is less than 1 wt%. 

<lnk JetType> 

[0147] As an actuating force for ink jetting of the ink 
jet printer, It is preferable to utilize a piezoelectric actu- 



ation of a piezoelectric element, which is capable of wide 
application to the ink and in which the high-speed jetting 
is possible. Specifically, for example, as described in 
Japanese Patent Publication No. Hei 4-48622, the ink 
5 jet printer is the Ink jet head type in which an electrode 
layer is fomned inside a fine groove fomried on a piezo- 
electric base substance and further being covered with 
an insulating layer for forming an ink path. 

10 <lrradlated Radiation Source> 

[0148] Various radiation sources which radiate UV- 
rays, electron beams. X-rays, visible rays or infrared 
rays can be utilized. However, considering the curing 

15 property and the cost of radiation source, the radiation 
source which radiates UV-rays is preferable. As the UV 
radiation source, a mercury lamp, metal halide lamp, ex- 
cimer lamp, UV laser or LED can be used. 
[01 49] A basic irradiation method is disclosed in Jap- 

20 anese Application Patent Laid-Open Publication No. 
Sho 60-132767. According to the publication, a light 
source is provided on both sides of a head unit, and a 
head and a light source are scanned by a shuttle type. 
The irradiation is performed in a certain length of time 

25 after ink is jetted. Further, another light source which is 
not driven is used to complete ink curing. There is dis- 
closed in W09954415 irradiation methods such as a 
method using optical fiber and a method in which a col- 
limated light source is directed to a mirror surface pro- 

30 vided on a side surface of a head unit to in-adiate a re- 
corded portion with UV-rays. In the embodiments in the 
present invention, any of these irradiation methods is 
applicable. 

[0150] Specifically, a strip-shaped metal halide lamp 
35 bulb or ultraviolet lamp bulb is preferable. It is possible 
to construct a radiation source at lower cost by practi- 
cally fixing a radiation source on an ink jet printer and 
eliminating moving parts. 

[0151] It is preferable that irradiation is perfomned at 

40 every image fomrjation of each color. That is, it is a pre- 
ferred embodiment that two radiation sources are pro- 
vided in any exposure method to be employed, and ink 
curing is completed by thesecond radiation source. This 
contributes to achieving high wetting property of the jet- 

45 ted ink of the second color, adhesiveness between inks, 
and constructing a radiation source at lower cost. 
[0152] It is preferable to vary the exposure wave- 
length or exposure illumination of the first radiation 
source from that of the second radiation source. The first 

so irradiation energy is set smaller than the second irradi- 
ation energy, that is, the first irradiation energy is set to 
1 to 20% of total irradiation energy, or preferably to 1 to 
10%, or more preferably to 1 to 5%. Irradiation at differ- 
ent lighting intensity helps achieve favorable molecular 

55 weight distribution after being cured. That is, if irradia- 
tion at high lighting intensity is perfomned at a time, high 
polymerization ratio is attained but the molecular weight 
of the polymerized composition is lower and accordingly 
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necessary strength cannot be achieved. 
[0153] By using longer wavelength in the first irradia- 
tion than in the second irradiation, the surface layer of 
the jetted ink can be cured in the first Irradiation and 
hence blurredness can be suppressed, and the ink lay- 
ers close to the recording nnediunn to which irradiated 
radiation hardly reaches can be cured in the second Ir- 
radiation and hence adhesiveness can be improved. 
The wavelength of the second irradiation is preferred to 
be longer in order to accelerate curing of the inside of 
ink. 

<Timing Of lrradiation> 

[01 54] The above-mentioned ink is employed and the 
ink IS healed to a constant temperature and also that the 
elapse time from the jetting of the ink to the irradiation 
is set 10 0.01 to 0,5 second, or preferably to 0.01 to 0.3 
second, or more preferably to 0.01 to 0.15 second. By 
controlling the elapse time from the jetting of the ink to 
the irradiation extremely shorter the jetted ink can be 
prevented from being blurred before it is cured. Beside, 
even in case a porous recording medium is used, the 
ink can be exposed to the irradiation light before the ink 
penetrates deep into pores to which the light cannot 
reach, and hence residual unreacted monomer can be 
minimized and smell can be reduced. This means that 
use of the ink with high viscosity produces a remarkable 
synergy effect. Specially, a remarkable effect can be ob- 
tained by using ink with viscosity of 35 to 500 mPa.s at 
25 degree C. With the recording method as above, sizes 
of the dots jetted even on various types of recording me- 
dia of different surface wetting property can be kept con- 
stant and hence the image quality can be improved. In 
order to attain an excellent color image, it is preferable 
to superpose colors in order of the brightness, starting 
from the lowest. If ink with low brightness is superposed 
on the top, the irradiation light hardly reaches the lower 
layers of the ink, and hence curing sensitivity is apt to 
deteriorate, residual monomer to increase, smell to be 
caused, and adhesiveness to decrease. Irradiation can 
be performed in one time after all colors of ink are jetted, 
however, individual irradiation on each color is prefera- 
ble In view of accelerated curing. 
[0155] On a unit equipped with heads of different 
colors, it is preferable to construct the unit so that Irra- 
diation light is permeable among the colors. To be con- 
crete, a portion between the heads is made of irradiation 
permeable member or no member is disposed between 
the heads. A simple construction as above is preferable 
because irradiation can be performed for each color im- 
mediately after the ink is jetted and, in particular, the 
next color to follow can be prevented from blurredness 
and also, in two-directional printing, difference between 
the blurredness in one direction and in the other can be 
prevented (preventing difference between the colors in 
one direction and in the other). 



<lnk Heating And Head Temperature Control> 

[0156] It is preferable to heat the above ink to 30 to 
150 degree C, or more preferably to 40 to 100 degree 
5 C, SO as to jet the ink with low viscosity in view of stable 
jetting of the ink. If the temperature is below 40 degree 
C or above 150 degree C, the ink cannot be jetted 
smoothly. Because light curable ink has generally higher 
viscosity than water ink, the range of viscosity variation 
10 caused by temperature variation is greater. Because the 
viscosity variation gives a direct and remarkable effect 
on a droplet size and droplet jetting velocity, resulting in 
poor image quality, the ink temperature needs to be kept 
as stable as possible. The control range over the ink 
15 temperature is set to +-5 degree C, or preferably to +-2 
degree C, or more preferably to +-1 degree C. The re- 
cording device is equipped with a means for stabilizing 
the ink temperature, and the portions to be kept at a con- 
stant temperature include all tubes and parts from the 
ink tank (or intermediate tank if provided) to the jetting 
surface of the nozzles. 

[0157] For the temperature control. It Is preferable to 

provide a plurality of temperature sensors oh various 
points on the tubing and heat control is employed in ac- 
cordance with the ink flow rate and ambient tempera- 
ture. It is preferable that the head unit to be heated is 
thermally isolated or Insulated so as not to be affected 
by the temperature of the apparatus itself and of the am- 
bient. To reduce the start-up time needed for heating the 
apparatus and also to reduce the loss of heat energy, it 
is preferable to themially insulate the heating unit from 
other portions and also to reduce the overall thermal ca- 
pacity of the unit. 

<Recording Medium With No Ink Absorptivity> 

[0158] In the embodiments of the present invention, 
a recording medium with no ink absorptivity or low ink 
absorptivity (or Ink nonabsorbable recording medium) 
can be used. The above recording medium means a re- 
cording medium or a recording medium having a surface 
layer (image fonning layer) made of a material with no 
ink absorptivity or low ink absorptivity (or ink nonabsorb- 
able material). The material with no ink absorptivity or 
low Ink absorptivity (or Ink nonabsorbable material) 
means, for example, resin or metal of various kinds. 

<Viscosity> 

[01 59] The ink in the present invention is a liquid with 
viscosity of 10 to 500 mPa.s at 30 degree C, and pref- 
erably 40 to 500 mpa.s. If the viscosity is less than 10 
mpa.s, blurredness becomes remarkable and, if it ex- 
ceeds 500 mPa.s, smoothness of print is lost. The ink 
is preferably a liquid with viscosity of 3 to 30 mPa.s at 
60 degree C, and more preferably 3 to 20 mPa.s. If the 
viscosity is less than 3 mPa.s, high speed jetting results 
in failure and. if it exceeds 30 mPa.s. jetting property 
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deteriorates. 

[0160] The entire disclosure of Japanese Patent Ap- 
plications No. Tokugan 2002-349637 whicli was filed on 
December 2, 2002, and No. Tokugan 2002-359316 
which was filed on December 11 , 2002, Including spec- 
ification, claims, drawings and summary are incorporat- 
ed herein by reference in its entirety. 



preceding claims, wherein the Ink jet recording ap- 
paratus comprises a plurality of light sources at dif- 
ferent positions seen from a carrying direction of the 
recording medium and a scanning section, the 
scanning section moving the light quantity measur- 
ing section in the carrying direction of the recording 
medium to measure a light quantity of each of the 
plurality of light sources in order by the light quantity 
measuring section. 



Claims 

1 . An ink jet recording apparatus comprising: 

a recording head of ink jet type for jetting ink 
from a plurality of jet openings; 
a light source for emitting light to cure an ink 
jetted from the recording head and adhered to 
a recording medium; 

a light quantity measuring section for measur- 
ing a light quantity of the light source; and 
a control section for controlling the light quantity 
of the light source according to a measured val- 
ue by the light quantity measuring section. 

2. The ink jet recording apparatus of claim 1 , wherein 
the ink jet recording apparatus comprises a light 
source scanning section for scanning the light 
source above the recording medium by moving the 
light source in a direction perpendicular to a carry- 
ing direction of the recording medium, and a plural- 
ity of light sources disposed at different positions 
seen from the direction perpendicular to the carry- 
ing direction of the recording medium, the plurality 
of light sources being moved in order in a measuring 
region for the light measuring section to make the 
light quantity measuring section measure a light 
quantity of each of the plurality of light sources in 
order. 

3. The ink jet recording apparatus of claim 2, further 
comprising a recording head scanning section for 
scanning the recording head above the recording 
medium by moving the recording head In the direc- 
tion perpendicular to the carrying direction of the re- 
cording medium, wherein the light source scanning 
section is formed to move the light sources together 
with the Inkjet head by the recording head scanning 
section. 

4. The ink jet recording apparatus of any one of the 
preceding claims, wherein the ink jet recording ap- 
paratus comprises a plurality of light sources and a 
scanning section, the scanning section moving the 
light quantity measuring section to measure a light 
quantity of each of the plurality of light sources in 
order by the light quantity measuring section. 

5. The ink jet recording apparatus of any one of the 



10 



6. The ink jet recording apparatus of any one of the 
preceding claims, furt:her comprising a recording 
medium supporting section for supporting the re- 
cording medium disposed between the light source 

15 and the light quantity measuring section, wherein at 
least a portion of the recording medium supporting 
section comprises a member which makes at least 
a portion of light of the light source pass there- 
through. 

20 

7. The Ink jet recording apparatus of any one of the 
preceding claims, further comprising a storage sec- 
tion for storing a desired value of a light quantity 
controlled by the control section, and a display see- 
ps tion for informing a measured result to a user when 

a measured value measured by the light quantity 
measuring section is less than the desired value. 

8. The ink jet recording apparatus of any one of claims 
30 1 -6, further comprising a storage section for storing 

a desired value of a light quantity controlled by the 
control section, wherein a recording operation by 
the recording head is banned when a measured val- 
ue measured by the light quantity measuring sec- 
35 tion is less than the desired value. 

9. The ink jet recording apparatus of claim 2 or 3, 
wherein a light quantity is measured by the light 
quantity measuring section every scanning. 

40 

10. The ink jet recording apparatus of any one of the 
preceding claims, wherein a light quantity is meas- 
ured by the light quantity measuring section when 
recording on the recording medium is started orfin- 

45 ished. 

11. The ink jet recording apparatus of any one of the 
preceding claims, wherein a light quantity is meas- 
ured by the light quantity measuring section when 

so the ink jet recording apparatus is operating or on 
standby. 

12. The ink jet recording apparatus of any one of the 
preceding claims, wherein a light quantity is meas- 

55 ured by the light quantity measuring section accord- 
ing to a preset operating time of the Inkjet recording 
apparatus or an elapsed time after the ink jet re- 
cording apparatus was activated. 
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13. The ink jet recording apparatus of any one of the 
preceding clainns, wherein the light source is any 
one of a mercury lamp, a metal halide lamp, a sem- 
iconductor laser and a light emitting diode. 

14. The ink jet recording apparatus of any one of the 
preceding claims, wherein the ink is cured by an ul- 
traviolet-ray. 

15. The ink jet recording apparatus of any one of the 
preceding claims, wherein the ink comprises a cat- 
ionic polymerization ink. 

16. An Inkjet recording apparatus comprising: 

a recording head on which a plurality of jet 
openings are arranged in line for jetting photo- 
curabie ink from the jet openings on a recording 
medium; 

a plurality of light sources for irradiating an ink 
jetted from the recording head with light to cure 
the ink; 

a light quantity measuring section for measur- 
inga light quantity of each of the plurality of light 
sources; 

a storage section for storing a desired value of 
each of the plurality of light sources; and 
a control section for controlling the light quantity 
of each of the plurality of light sources accord- 
ing to measured values by the light quantity 
measuring section and desired values stored in 
the storage section, when a measured value of 
a first light source is less than a desired value 
of the first light source, the control section in- 
creasing a light quantity of a second light 
source which is different from the first light 
source. 

1 7. The ink jet recording apparatus of claim 1 6, wherein 
the ink jet recording apparatus comprises a light 
source scanning section for scanning the tight 
source above the recording medium by moving the 
light source in a direction perpendicular to a carry- 
ing direction of the recording medium, and the plu- 
rality of light sources are disposed at different posi- 
tions seen from the direction perpendicular to the 
carrying direction of the recording medium, the plu- 
rality of light sources being moved in order in a 
measuring region for the light measuring section to 
make the light quantity measuring section measure 
a light quantity of each of the plurality of light sourc- 
es in order. 

18. The ink jet recording apparatus of claim 1 7, further 
comprising a recording head scanning section for 
scanning the recording head above the recording 
medium by moving the recording head in the direc- 
tion perpendicular to the carrying direction of the re- 



cording medium, wherein the light source scanning 
section is formed to move the plurality of light sourc- 
es together with the Inkjet head by the recording 
head scanning section. 

5 

19. The ink jet recording apparatus of any one of the 
preceding claims, further comprising a scanning 
section for moving the light quantity measu ring sec- 
tion to measure a light quantity of each of the piu- 

10 rality of light sources in order by the light quantity 
measuring section. 

20. The ink jet recording apparatus of any one of the 
preceding claims, further comprising a scanning 

15 section, wherein the plurality of light sources are 
disposed at different positions seen from a carrying 
direction of the recording medium, and the scanning 
section moves the light quantity measuring section 
in the carrying direction of the recording medium to 

20 measure a light quantity of each of the plurality of 
light sources in order by the light quantity measuring 
section. 

21. The ink jet recording apparatus of any one of the 
25 preceding claims, further comprising a recording 

medium supporting section for supporting the re- 
cording medium disposed between the light source 
and the light quantity measuring section, wherein at 
least a portion of the recording medium supporting 
30 section comprises a member which makes at least 
a portion of light of the light source pass there- 
through. 

22. The ink jet recording apparatus of any one of the 
35 preceding claims, further comprising a display sec- 
tion for informing a measured result to a user when 
a measured value measured by the light quantity 
measuring section is less than the desired value. 

40 23. The ink jet recording apparatus of any one of the 
preceding claims, wherein the control section in- 
creases a light quantity of a light source which is 
proximity to the first light source. 

24. The ink jet recording apparatus of any one of the 
preceding claims, wherein a light source which Is 
proximity to the first light source irradiates a surface 
of the recording medium with light having a light 
quantity not less than a light quantity in case that 

50 the first light source irradiating with light having a 
desired tight quantity. 

25. The ink jet recording apparatus of any one of the 
preceding claims, wherein an irradiated light quan- 

55 tity of a light source which is proximity to the first 
light source is determined according to a profile of 
the light source which is proximity to the first light 
source. 
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26. The ink jet recording apparatus of any one of the 
preceding claims, wherein a recording operation by 
the recording head is banned when a measured val- 
ue measured by the light quantity measuring sec- 
tion is less than the desired value. ^ 

27. The ink jet recording apparatus of claim 17 or 18, 
wherein a light quantity is measured by the light 
quantity measuring section every scanning. 

10 

28. The ink jet recording apparatus of any one of the 
preceding claims, wherein a light quantity is meas- 
ured by the light quantity measuring section when 
recording on the recording medium is started or fin- 
ished. 

29. The ink jet recording apparatus of any one of the 
preceding claims, wherein a light quantity is meas- 
ured by Ihe lighl quantity measuring section when 

the ink jet recording apparatus is operating or on 20 
standby. 

30. The ink jet recording apparatus of any one of the 
preceding claims, wherein a light quantity is meas- 
ured by the light quantity measuring section accord- 25 
ing to a preset operating time of the Inkjet recording 
apparatus or an elapsed time after the ink jet re- 
cording apparatus was activated. 

31. The ink jet recording apparatus of any one of the 30 
preceding claims, wherein the light source is any 
one of a mercury lamp, a metal halide lamp, a sem- 
iconductor laser and a light emitting diode. 

32. The ink jet recording apparatus of any one of the 35 
preceding claims, wherein the ink is cured by an ul- 
traviolet-ray. 

33. The ink jet recording apparatus of any one of the 
preceding claims, wherein the ink comprises a cat- 40 
ionic polymerization ink. 
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